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Tho natural uranium, graphite ''odoratod cubcritical 
aaso'' bly (*onaiructec2 -it 3cft;a tate Colle?;© has bocn utilised 
for several thesee investi c^ticsus by raducte ctudcnta, A 
large numbe^r of tho operating; charac teria tlca have been in- 
veotigated, but a revlc’rf of the thesee discloscfd that a de- 
termination of tho actual neutron flux tt'roug)'v>ut the assembly 
had not been undertsdeen* 

The pirrpou© of this thesis vas to obtain fast and 
thermal nciitron I’luxea t! rourhout th© Bsse^-bly v Sih th® fuel 
renc?v©cU In addition, tlic thermal neutron source vhich was 
equivalent to tiie existing fast oouroe %ms to bo calculated. 

This asee- bly, ulth the fuel I'trtovcd, cenci-oted of a 
rectangular parallelplped of ^raphlto moderator with ex- 
ternal fast ncxxtvon source. This roderatin-"- ojzto--' is essen- 
tially a ”sijT5a pile'’ with holes intersporsod at regular 
intervals. 
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' ievciopr ent cf Mieorc' -^ cnl * r W!d fart •neutron 
uis tJ on Ir ?. sy^te C'ns:i’tfn“ "^f n ■'r;-nhitc rcdera- 

tor cnc: a. fast noutron Dcurce v;as presfcn'* d in •Inspt'-nc -*nd 
idlund ( 3 ). Tl’iO .nderlyinj;^- fcbo treatrer, t of fart R«n- 

trons as a sin.-lc f roup \m« dex^eloned ;.'u-*hcs (1?)« 

rbo V 'Vlonv research t©c''.nicuee that ’’ave beo?'' developed 
lor 5r,ca3>:ring fast and i^^rr3al ritsx«9 wore disc-tsscd at length 
by fujh09 (It.). The pt'oced'"«os to ~eaer.rc flux, and 

calibrate the subcr*tical assemblies and odei’-atcrc at the 
Argonne N-atlo’^al Laboratory were onverod in detail by '’oar 
( 11 ). 



The induced beta activity of indli«J5 foils has been used 
frequently to evalnote r^utron fluxes. A ccrnonly used irothod 
of obtaining neutron fluxo.n appeared to bo the use of a ccr:- 
binatlon of indium foils and a ‘.allbratod counter. T’lc pren- 
aration of a standard source and the utilisation of the soxirco 



to calibrate t!ie coMtitcr was presented by Bieuler and Gcld- 
so.ith (2) . 

Considerable insight into the field of activation celi- 
bration ’,*'as obtained fre^ the r'eports of the '•tcric r«erny 
Comniselon laberetorios which have p’jblished the roeults of 
their I'csearch. In 195>1 the procedures used and the results 
obtained frort the co3, ibratl on of the Hanford Standard ^ lie 
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were released b* tbo tc Ic Jc ’T’isslon U})* IndluEi 

fells wet*© used fev flux ’nrac'urc.'onts and for cal'* brat Inr the 
counters, '’he sbsolut.'.- nf trrn fluxes wt-re r.ras-ircd !r th.o 

ihinford tan Jurd ’-'ile in l/5«+ (D. 'Veae -'easurc- ents i/«ro 

% 

obta:'rfd by actlv':t;'cr tc^’ «nioucu 'ainj; and indiun folio. 

Til® S~10 sianiard .r^ra'hite pile t-ie “‘dpe "ational 

I.abor&lory was calibrated in 1952 (lb). '*■ * flux xcasuror cuts 

were obtained by j;jOid foil tion. 

In a series of three reports roloaoed between 1955 and 
1557» the nuclear ’cnartmnt of ’-ortb ' ■tricar 

Aviation c^acrlbf.d tliO netbods used in their Irjboratcry to 
deter* .Inc absolute thrr.'Rl rjouti'rn flux. '’he first report 
prooontod the r.ethoda ioetd tc de^cr Inc ti’C rat io of their-al 
to roscnance n-suti’cn densities sinj ind’un foils ('^). ■^bcir 
oecend rcDort icc< 3 ribfd the pTOceiure used ’''or absolute beta 
ccuntln-c; (15). '^he ferial report of the series explained the 
tecbnicue of obt*?.ninc absolute tbtrnal neutrern fluxes using 
activated indiun foils (ID). 



Infojnafcion repardino the physical and operatl.ng proper- 
tioo of the graphite tsodorator described heroin v;as obtained 
fron the research of previous graduAte students at Icwa .*tat© 
College v;ho conducted varlcua experiments rn tlm aubcrltical 
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General * 

rcnflider a r^ctaii^l^vr parallolplprd of olerator 
material with a :'l'at''ni’a?5 - borplllun source ct c ne c’^i, ’’’he 

source ie a point source cf fast ncutz> ns, 'cwev»»r, after 
the neutrons have passed t. .ros,i -h a short i*st^'“'ce In the 
rodcrator / l«r;;e portion of the faat noatr ns ni ' 1 he 
themallse 1. These the irial neutrons are esse'^ttnliy 
nonoenergetic, so it is possible to postulate & distributed 
plane bqxxvc ^ of nortoonsr.^etlc neutrons at the base of tho 
parallelpiped, k « 0. 

'■eter-"i nati o'^ of flux distribution in this r.cderator 
is effected by solving the wave equation for positive values 
of s away fron the souixe and all '^hyilcal boundar'es 
p* 11-?). 

V 2<j> . >^2 <j) K Oj Tc. 1 

where in the Laplacinn operator, is the thernal neutron 
flux, and X is the reciprocal of diffusion lanpth. 

Bmaidary cenditiona neceSi^Jir/ to solve this oouatlcn are; 

(a) TJie flux is everywhere finite nnd non regative. 

(b) Xhe K and y dlncnstona of the block are a and b 
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' P'1 /- f g ' X ‘ ^ ‘ t' ^ t- 

rvlv vi'.r't to f < ■'-Ij V . CO ■ •> f'-'tvnr tt«5 'tyjicf*! 

bounJ.u’it 3 cliii! ''. c ■ '’■ r" ■; -' 1 it.' ' jl*i1 {•/ •.c , ®-.c 

•ilst-ripce c is f> li. ti ce ■"' * r, fro 

? = 0 to ’w'ici’c t •' f '."i '’-T' 'p aoro* 

{c} .' icm'co co'‘!-.lit' c ‘ ’ V'‘ •" <• (?•■ ■•';.’€?='-■'' ^.t !c 

'Vi,- pi ted to t'lr sol n*' to-'., 

.-Ci. 1 ©xprcsscci t-Ti r-oc'’ rr> j, :!• V cooy*.5in'- t*;.r ’s 
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Applylnr, tountary condlticnv (a) i^nd ( 1 ), the foXlowJnc; solu- 
tion is ottti* n*d .ror to, 2 (C, p, 121 ): 

4 >- 

i 1 - 3 



r«l n-% ^ ^ o 3 



The quantity Xs defined as 

2 IT ? . TT 5> 2 
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(^~) ^ +K^. 



0 . 3 
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rii© Quantity A^,^, a ccs:ili nation of all the const*nts obtained 
in tho dovolopnent of - q. 3» "uat be evaluatod Kith th© o'^urco 
condition. 
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i'-TO source c-"'rt'lltior; be '-IsflcO, bound •u'y •2ti<^r. 
(c), ' s tj-it tbc nunb*>r of reutr-nn flov.'*-.>- out of the oXono 
?. » 0 pt^r unit area per ;ca rsd for the in rode nusst equal tb« 
nur.b«, r ,'ro^\3CGd l>y th>t, sf-urce ! ode. To ORt.isfj' 

boumlui'y ccncl5i,fcion (-') the net ourre it dar.^lty, 
ovaluatcsd «a foliowa {C, p. 121): 



O == (. A cos CCS niiX-) 

A r. J n “ ji , 
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^ z '0 
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A source of tbls ay .>6 written as 3 5(x,y) at s » 0, 

v/^icre 5{x,y) is V. c JVac delta fiinctlcn. rers tl;.e defini- 
tion of the Cirac delta i'anetior, toe vt^luo cf the source, 
5, at the orl In, ?: = y » s « 0, is 

r 



O) 



(x) V (x) dx. 



..t * 6 



i‘C, 6 is exc ended in a series of rrtboxe^nal .ftinctiors ’which 
satisfy tlie boundary ccndlt.lcns (S, p. 122). 2q. 6 bocorcs 



w 6(x,y) 



Z Z Zrn cos -nilZ sin HdUl. 
sr~l n=l ^ 
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Since !’ In io, 7 and 0 reprosents the neutr'ns oriitted in the 
+7. and -s dlrectirns, the ccuJvalcrt source for the *«oderatcr 
in the -*-z direction is 
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'Hi© so)it*es^ tcira, j fa rartJ'^r r-.f th^r*'"Jxl r^xut er"5fctred 

per sec ni bj a point oou 2 x:o located at j: y » 3 » 0« "bo 

constant la the octerator ■’Iff’tsfon cos f f 5. c It nt fcr 
it has the di;.-onsionB of leo'^th. ’.bo eouatSon fcsr tii© floK, 
•^Q* 3# 21 CW bceo'^’Os 
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Llr^it thiO expansion o’" 11 tc the f’rJist an'^ t'>5.r*d 

r-odoo, and c« 11 bcconos 
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The vCr-.'i in t’"C 

■' -n-ic cc?rr®cfci»nn 

*'&ko up find cort*©c tiers 



*>r*ac»o Ir o* li " a' € up h?r^ 

tPTrsr* inc-Xn-’-od Ir; *^u kracW. ts 
pQ, i th t^*-s® .nubgti tut ions 
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Th'' thei'nJil ncutr'^sn llux due tc tPc first r’odo onI*/j 
Is obtfi.;l5:tjd &a *eli©v?s: 
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Consider a particular «lc jant wt»lch foms a re ?3,oisotopo 
wb«n it <^^orbs & neut:'^n, ^ra sc^ovmt of te.ls ra-1ioisctop© 



ror-^d can ’*e ifetonslmd bf r’eaturins^ '’ts radloaati-vity. If 
ft thlri foil of this olomnt is «?nposed tc a ntsutr-n fl*u3c fer 



J3eas’>r«d &ctlvit^ of this foil Is its saturation actfrftjf fi^o 
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If the Tx,!! 1*^ t.Mn, t! -.c ’o'.gltf •-j^y it ;’«-r‘.0ev 

GO c? n!3taj t throuitiejt ^ho foil toca =‘*0 f"© f '* il *og» not 
cl©,i*«g» n«'At 5 »r;:'n flux; 2 * T?if ;t<'*--i’tl 7 «, f t^e 

aril th<& -«,crcscoplo aot2.vat!cn cnc-^s '7ectl«?n, of Mi© fr^il 
Ixno^.Ts, th* can be- datoi^-.lncd as foIio'^*s , p* r3)s 
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c ^wifc f j»' » i!au yir w wyn • 
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6 ince 4^a '^sariea vH.th the fenerf^'’ of noutmns, r^* 13 applisB 
onl^r to '^onoenerpetlc neutrons, tier-jal nriatj^ina are ec!i~ 
cidarsji •c-noen®r.*©tlc, ®o Ce 15 e&n "*« ';»©<£ to calcul^ite 
tbcr'-^al neutron fixing* 



last ’^lus 



fonerjil 

J<iili Wji » ■<! wHllll 

Cc-nai'.1cr a rectar:0,.l‘-r pertillclrlpif^^ of r>or'emtor 
natarlal witb a plutoBiisn-herflX 5 ins jsctireo at one 
source is considered a point so^irce vitb a Vnoun crerci? 
epectnin* "i'he roderator e natsto of a sjetcr’e.l "jaa a 

Imr Gbsoyptioi cross section as vjell as a hi "h sXo’.-^ *'■'-* d-*n«s:‘ 
po*««jp* 

^seurs© the ab*oj-*ptlcn of noutr.- ns In the ^ odora^or la 
nei^liCibl©, then the distribution In energy' of i’he ncutrrns 
while Plowinr can be obts'ticd as foltcws ( 12 , 2 '^)s 

A«sxrxi Q n^utr'ns aro produced per imit volt-cce 5 n the *“od« 
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volvsn^ \S 
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’TTilt 



q (.)"'es n i‘) 4 ;, V a^, q* IC 

whore n ( ) ip tiio denett;? nf ne^utr^-nf* ;«r vjnit isr 

tba cnor’^t loaa pt-r colHalnn, v 's the 'rcloel^r of nou- 
tresi at the part*!.ouiar eo«sp-=^, ’’ 1 g the -<-r "nit vtil» 

vnei within Use cner»'3' lnt©rv»l, pnd cf5 is the scattering? cvcm 
section r.f th® '^odarator. -i’^rtityte , th® io?s In In, 
per colilalon, and 4*^, in c, 1(, is ©qnal to •!.• 'te 

t *.h© neut 2 *on for r sn’l <-h© neutron flujt •.y&v isnlt 

«ncr£: 3 f bocomc'g il)m Tiwn q, 16 bgccros 
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and the flu3£ throughout th© ener^^r spectn^tn oan b« represented 






<t> ( - ) dE « 




q. 19 



Ther»©foro» the flust in the slowlns down region is pr^jporticnal 



to df‘/L. 



'rhw flux within any werj^f >ncr»nent can b® evaluated a* 
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nncl t •'>'■ ;'■»-• t r.cxjtron cf> |», is obtain?:! frfse* th<^ sisspwitlon 

c: tr-c fl'A* In eaeb cner^tJ *rs'? over tbc r-'.-ectynin* 
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•poctRin f 

w’iere I j-.rssants the nin^^'er f'f .is of ^nA-i Inclv^c^ 

in tac enci*^ arectjni.n of 'he r.ru'^»cc. 



"■:m basic t' cots pi:^sc>n^ed for nicaaur© ert of feVir^-al 
nm 2 tr*"r flus by activ'^ticn oL.s ‘-t-m for the -eaeure^^nt i!?f 
fast f3eutr::r5 flux. hcwov©'»', q. 1*" r-aj^t ?^odl.fie‘’ to ellcv/ 
for tto v^iriaticn in ectiv^-tlon orcss section idth ener^# 
o-To sat activity* >^oo$ written in ^he fer^ {*’* 

p* X 6 .X) * 

oo « (n 4 >v) ar, UJ. 23 

wboro 2a c:aei*Gsecplc aotivstion cress sect’rn of 

tne icll for neutrons of ensr.-y ^ * and 4> (f ) i» th© n<mt.r^ 
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where ^ la t!*e Icaa in ln« i -pov colilsSon, an.i i« the 
':”aero3copls scattering cross sioct.lcr of ' no moderator 
la to he •''cnstant tn a abeorhln ■ noJerrtor* 

TiinSf p 1|, can he vrit':©'^ ca 
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where K is the nunher of neutrons per unit voliate within th© 
enerQT internal. To obtain tJ^e fc.st nautren flux, t'.;e activity 
nust be n«aRuro<l over the ervv-’j interval fro". 0»k to the 
mstximm cf the source, '"he fast noutrrn flr.y r®« 

leted to n*utrons with enor-,'^'.s ••hove 3*4 ev,; where the 
tbor;<&X neutron flux Is related to neutrons below 3 #4 ev® 

(11, p® 66)® “ii© c'.natant, q/^ Z^g can b« ©valusted freas 
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ri.’O ’odorator utlllaud fcr this onvtfimtnt&l vorlr. was 
the > tat© Cell©::© s -iber'ltlofid asse.t'htj' %lth ^iiol Tm"'C^md 

suctn In 1« It o.f r©cta*r-wlar blccjf® of 

rrapaitt*: Xch had ft spaoi^^c uoi.-ht of ^"7.3 pownds p#r c»jhtc 

foot 0t}s»o]:od 10 rows v/ido r-d D' l*yors hi ''b, i-ach block v;aa 
60 ltioh»s lon.j, T!.i$ ^Xrst plr« Itjors of blocks wer^ 6 ln« 
and 6 in. ^l£:h; th© top flv© la 5**’ re w«r« 6 in. wlcJe -^nd 
5 in* hiflfj* The I’jj.mphito blocks w©r© cut 7 ln» diane-top 

o^llxidrical rods so that the roimd©d cemers pi'ovided holes 
in ?''ocierator into ir^hich f-tcl vodB cr maaurlnfi aopsiTOt^g 
conld be Inserted. 7h& ownall dl^-icrjgicns of tte© •’^oderatcr 
were 61 5n. hy 63*25 in. fej TO in. 

Hio ••‘oierator was por!tt.<^*‘' on a wcodon frar.© 
rested on a concrete floor* '^nc 12 inch©® betwaen t*^ con- 
crot© floor and the base of the rod^rating rateriol oer~it.ted 
thxMSo open topped alnsaimss tAnIrs *0 bo Inscrt-ecI -und^r Mi© 
plywood wx-><>n which th© -.oderstin'" material r«?at©d. "”nes@ 
tanks coirered th© base &th»& of tb© Tod&vatcnp end were kept 
full of water. A snail co"-Trtr't''»nt was coratructed in th© 
center o'" the niddlo tank to bows© the smir*ce, 

The sKjderator was covered on the top asnd ©Ida© with a 
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s%niv‘c'i 1 rn crr&i, o- j of i>ljyot:)d, anvl 

a 3.010 Snch c«6>'.lTir: sheet. ’►%< Xrit-;.cr pre*;?ntcd an effective) 
^blac’c hmnt?xr:r *" to the nevtre-ns* 

five *.';»irate olut^.nl''3S«b*. r%'-l21’un cap'?iil«s, pneasad In 
tant.»lJij3 HI 3 etal'il^'ss steel p’’ovlt1®d th© n^jtfen 

nia^ce. ■•heee cylinderfl v»'»r< f •>‘n« in and I."?!"' !n, 

hi.^h. ae*“ source h*v,d an fx^r-'rac rated ^trt-nsrth of 1*63 r 
10^ ns’3tr'‘'*-5 pc*r second. ''•‘© eoiisrcea wer© it:ountod upri "ht In 
a wcodoa tra-~c with the top ©i' Hit cylinder l/l6 in. berieath 
tojs base of tt« -moderator. .f>% Bcurces were positioned to 
fom * cr *01 form oriented alor;'' H.m x «.nd y ases of the 
rodcretcr os »ho^. in VI^tq 2. 

'-ctlvfticn ToIIq 

ItuXiim foils were xi»«d to •.ea#--r© tre nvutron flux 
throUijh foil ftctlx'-s.t *on. ""le fells wer« 0.303 in. by 1.0 in. 
by X.5 in. end each was voi^ l"ied to f'^e ns&roat 3.1 jng. iach 
foil ueS'hed epproxlrstely 0,?^ ’"hf' foils wer© r^iued 

to altyain-n planch© ts, vhirh w»3^: taned to vrnoden yerd etic*<s, 
which could be Inserted Into tny of th« holes throufhout t?id 
Etoderator. fh® caussiurs uod to shield the inditan foil* fro»i 
neutron flux forr.cd a packap® with sn effective 
cad'lim thiekneso of 0.020 in. 
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Figure 2. Graphite moderator 
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Ml Indiun fell a.atlyitlr? w i-o oour'ted w’t;i « >'uclfar’ 
QhX^o^:o e’^d w'n.-iov; iiller ??■« cn?! w^r-dew who 

nioa with a thici-oiojso of 1*I; m.”. f©s» cn*^* A 'hjolear* ''hSca'^o 
d©ca*i€i seali/p ittis I'sod In «xp^unet1cn th« counter* h© 

activated fc-*l» Wes'* place-* ’’»‘J?1 Incht-s frera tha cni u'in'’ov 
of the counter* foils vaj'e : c-n en sluwlnnst 

tray in a lead :^lfeld foi* cc^ntlnf". 
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Tc d&t^m,in& tlie neutrci flux diatrlbution 
th@ fiouc rator lb n#f®asar:;' bo r&c&mvfi i'-€ activity of 
iri’arlictC'i .tn-Jlui* foils b’lrDtighout Just ’’ of 

:Tv^®r‘'atc»t*, ■llnc.Q thcice vf&jj Ir. ^hc + and « 

dii^ctl'-.-ns along “’otli fch© x ond j axc-s Cl, p* ls.3), masur^- 



r*nts frc’": tho o‘ri;^;%n alofs. * ^:s. nxi&, tl-c- »j axis, 

th® -t-z ax«s, as ishmm in rt--n^“o 2, v'ei*c adsnrsate for cowim.-'-is 
tbrowdiout th« Bo-d«rat»i», >lls 'srere activated at k « 0, 11, 
20 i«.fl y ® 0, -6, -12, -dt end -30 in. cn a slnfX® 

plane cf tl-e s cixls ©n eaoh «^xr©rir-€mtal run* “’hirt«en eur- 

vcf& wssr® rmde vltU bar© indiun foils at s « 6, 12, I-, 

30 , 36 , h 2 , hS, 59, 61,5 and ?!j. in* ^.'irht rima voe*o 
nad© wUh cadrniiya ccvcrc-'?. ivJixmi foils at s « 6 , 12 , If, 22 j, 
30, 36 , 62, and I/- In, ‘Itic cadniiasj covei*od surveys were di!S-> 
ccnttrjii*“4 after tirbt runs becaui^e the activity at t’''© roper 
lovolt could not le ■!!istir?’^;«l^the'S frcsi the backtt^«nd. 

'The Indima foil® v/er® iiuradiated for e !clnir»tra <^f e5 -ht 



hours* This 'nstjrec an acii'^'-icy of 9*^,C per cent saturation 
activity rf th© % xlniifce half life, fri.dii® bet* pax'tlclo. 

The s**-uretion activity represented th« e^^ullibriura ccndltlcn 
in vbleb the disintegration rate scualed the formation of 
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racilosct5*!?e nueloi* 



siQtiviil^o of each wore cr-rrociec'’ for 

b&cki'reund. 'TMs aetlvlt^r wa.7 t»rrec '-G-' tc ijn^ura c- ' -ctivity 
at tlio tlMC^ef ror.cv'il fror t’lse ao-J was th#» 

vivlod by tho v;cl^?:5t in ^.'ra^is of partlr»uiar foil to obtain 



a non-^fellacd sotm-atlon activity, (11, p, 70-77), vhoro 
equaled cotmte per ^Inut© per -'rnn of fell* 



'^torr.inatiori of •^atnnl sturation 'ctSvlty 



■"o ‘ ten'tine U\© ne’ = tror tluzca, it vaa occoss,«ry to 
convert the nomalised saturation no- !vity, n^, tc the actual 
saturation activity, , ’.‘ills was accemplished "’•■y calibrat- 
ing the counter ^dth a st^mdard surple, r?iO preparation of 
the standard sanple, and tl>e ‘methods used to calibrate tfco 
counter were delinesied In Appendix A, '^he total cors'ectlfsn 
factor, r^, for all the Indiir", foils was det©rniri©d to ixs 
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Thorr'^al riux he temi nation 

”h© actual eaivTatlofi activity, Aoo, is t*:c disintegra- 
tion rate of tho saturated Jndlucs foils* It la rcilated to 
the tbar .si neutron flux, 4> , as chown In Tq* li>* 
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A <30 ^ 

vliore 

A oo * siaturatic-n activity, cpo. 

V « ^'olijsio of fall, 

« ri«cr’0®copic a'*tl cn or-oss csctlon, or. 

<p M neutj'Oin n.w;£» reytror’s/c"' * r©c. 

Then lq» 15’ reamtOft-d, 

60 V t c?j^Q^ <;^ 
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K s» non-Uillr^"d ’ht of foil> 1 

ft oorrc^ot3.on factcrj^ 
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p*^ 

« Av»£ft«roo«; (,0?3(I3) ft.ton'j/.-r', 

a t om S 0 ? i e 5, f^h t , 

» atorsic wol'st ci .!?«•: Itjn, 115' S^-Zc-* &.%-'cr*'ic 

w« igbt. 
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[n 






» fraction by ‘•©iobt of In*“'’ In In, 0.9’577» and 
&ct,i^'ntl4>n eroso iiooliois O; for *hv-nml 



nc'witror's, 15'5 (10) cn.^ 



lie 

fh© activatlrrs cross s©f?tlcr> of In " vas det&r‘'.ir.el rron the 
data eoapilcd, ‘Sf.t tb« br." oltbavcn 7'«*f.cnal laboratory (13) • 

i'hc actlt'&ticn cross atsticn dotsr.ined for tbc ‘1^ 
*«ainute n?ilf lii'e Q p&rtlclc. '"‘e effee*; of tb^. 13 -scond 
half life ^ iJarticl© was cliplnatod by waloinc 2 Dinulas 
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beS'or© counting, the actlvntod foils* ovcv.-r, a^'r^o c 
rft^Ual5cT3 t'id a<>conpacy the Q> decs^ (?, p* 12'), "'o :ktejr« 

• ino tb^ set ial cf 'n.- &. rallatlor, prsscot, abserr- 

tion curre vas obtairjed us^rs” stvoral thlcbnesots cf 
absorbers, arid tbo cr>rvo was plotted i" bit'tir© 3* 'hr 
activity WES esipapolatocS baeV to gero absorfsar to . ct the 
fraction of th# total '^loasnrod artivjfc;? vitlch was '■ti** to 

radiation* fho '.arra cojn^cfclcn factor, f^, was deter- 
rlned to be 39A^ sine© XAO of tea total activity was d\j«s to 
g'arra activity* .<5.* 2r wse t^'en ©stprosaed as 

^ js« A Un) ^ 

„ 'V llg 

(M) (0.3iiS£i) ur>') (17)“'-^ !6.0?3i !U)*-^ 
TT.^57^nW! 

ss ^ nsnta^BO • 

H*l?5 C''.r^^*sec7 

valiios of the therr'al ncatix-n flux, ^ , thro ii'-ho’it th© 
ru^derator are tabulated in Table 1. 

Fast flujt ’^'jeter^inatlon 

Th© effeotlve fast rcutr->n flux, ^ was deter.^lned 
frcKi *yQ, 22, 
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Figure 3* Determination of gamma activity 
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^ Ml ) « (I) fo.3) . 
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?he 0 ),*cet 2 »'.s’’ oi" t'.® -lutcnivin-bf so'arc© {* 5 rfcen 4 od 

fr<r- zort- *o 10,^3 ;;.ey. (16). a 7 s?>ol 2 i'er2'^3<3‘^ 

nunber ©f Intcr^'al® of eTte’^ditr:•■ o^os* th© s'^r.r^ “irsoo- 

truss yh©r© '-p/-x* ®CA»Gl€>fS 1.0* ‘^■'© ©nrr.-’y fntorv-^als ©r© t<ib~ 

uintfed on '.'able 2, uhcs’O I vas deist*' .ired fe h® 7.26* 
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'Tti© C;U©ntit;:f, q/ € was evaluated fror. ©• 26, 
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Aeo ® aaturafeioQ activity, cpa,, 
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V o* vol'^z.m of foil,, 

?ntc.;T’33l *n . c, ,t6 is ’•Oc r*.?-:ii 5 «noc acMv-f.t. Ion 
.■•oet^on inie>;,rai for In ;-ii tntc:^sl was evolo^tor! frm 

th» c«f|r>lu?» oisfc off 0®ls ovo t*. Infinite# '"'lo vain?, of tb© 
into :ral -.a»i dofcc-mlneiS, io '© (19)*'"'^' cr-*^ flf, p* 13^) • 

-C, 26 woe tbon rearraoi'-^d, so that 
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where r*^, 'r , '' r.od v Jirt. ^■’cfecsr^md provlcraaly to 

ovaliv-t© c® f"* thevso v^to s'ubstit'oted *nto 

Q, 30 , q/| % vas <* valuatod ao follcvci 
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*t!c of q/^ VOS th<rn suhotltutcd Into fn* ff to 



obtain, 

^ f ** (7«<-6) (2*3) 
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« 0*lj.63 (r^) fast n© jtrons/cr.^ «oc* 

?hc values of fast neutron , throughout tbe 

moderator are tdSjulatsd in Table 3* 






III 







♦ 






J 



o 



CVl o 

I I 



o 



I 



a 

45 

fs 

8 

«4-J^ 

r. 

d 

fV 



r^ 



*§ 



19 


y 


Cl 

H 


t- 


jr'4 


0 


33 


fl 


V. 

r4 


0 


<n 


1"^ 




rn 


C .J 


J'-'Xfc 


w 


r- 


^ . 


't; 

<u- 


u 











rj 




ri 


r*4 


r4 


it 




d 

f^5i 

1 


0 

r*4 




ir. 

c- 


CJ 

^- 


H 

- V 


0 

fA 


*0 


i 


0 




K! 


CXJ 

r> 


01 

0 


ra 

rA 


e 


1 






f»w 

V •. 


- 4 . 


cn 


r*l 




r^i t 3 
5 H 




t ' 


fn 

rl 


0 

t-v. 


V:s 

Ch-S^ 


€> 




1 ^ 1 


V. 


H 

Hi 


R 

H 


f- 

\s\ 


f4 




^1 




iH 

VJ 


€ 


«**t 


H 


r> 

fH 


i 


0 ' 

rM ! 


t 






a- 

H 

H 


H 

V\ 


a 


0 




0 

m 


tjf 

^n 


C> 


s 


ca 




0 ' 

Cv , 




Cv, 

i 


p: 


c> 




v> 

(H 


O: 


S 




fa 


03 

-.A, 

n 


04 


H 


?4 




; 0 . 




m 

n 


y-J ' 


*;t 

H 


P 




a 

: s:5 

t?>j 


• 

a 


« 

e; 












«h «v 

I ^ 


**■ 

1 « 


0 


01 

H 


£::? 

H 




0 

<n 






v;> 



O 



in 



o 



c^ 



^ 3 



C 4 



S<' 



I 

I 



i 

I- 

'# I 1 





33 



'^rs 3Tc>rv icv: 

rherrml -'Itjx 

Tho oxpci'in-cn tally d©ter’>ine’'1 valtieg of the 
neutron fluj: listed In rahlf 1 were plotted v«rers position 
alon*^ cae!s of ttso throe sjees to show tho distrlburlon of fl.ujE 
t’lrcfusisout the r<jdemtor* dictrihutlon of the flux alcTif^ 

o&oh of axes was plotted In fijtires h through IS* 

yi^crsa I4. throiifh 9 showed « tjx-rd tow«3ird a cosine dis- 
tribution of ther».ial flux alon-', the x and y iujsgs, As s in- 
creased the distribution appnmch«.d the il>eoretical cosine 
distribution* was duo to the fatt ^©’atr^ns fror* tho 

source not being slowed down Into the themal r#:§lon for 
ST'aH \’’alues of s* Tb.o majority of fast neutrons were Umss^ 
mlitod boforo reaching tho g « IB in* lovelj essentiaily all 
the neutrons were thcmallsed at the z « i|-' in. level. 

Figures 10 » II, encl 12 ohowod a trend toward an 
exponential decrease 1?5 flux along the s axla* If the source 
had been an infinite unifom piano of thermal neutr"rg, imd 
if tho Kodop-ator had been Infinite, the slope of these curves 
woiild lusive been a atraicht line* However, the fast neutrons 
present at low levels of z dne to th© fast so*urc©, and t’lo 
leakage and deviation of the flux at the ftnite beundariec 
Cttucad the flux to b« decreased frc<^ the theoretical valuo. 
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o, z = 6 in. 
□, z* 18 in. 
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9. Thermal neutron flux (y = 0 Inches) 






1 




0 (NEUTRONS/CM^ SEC) 



il.0 




Figure 10, Thermal neutron flux (x = 0 Inches) 
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Figure 11. Thermal neutron flux (x = 10 Inches) 
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It was noted Uiat In the ce'^ter of tbo 



'rctiorsuor, away frcri 



all bou'n' fivioS) t>.& slope was a line* 

■^n order tx> n&>re a direct cmpfii'3.«m \;lth ^Nttcrotlcal 

thorwal nc -itron flux developed in .^* llj. an eoyivalcnt thor:”?al 
* 

source was calculated fron the oxpox'lmntal date. The equiv- 
alent t'nerRsl neatnon soJirco 2a 13ie constant E in .'q* lij.* Tt 



represents the ms^ber of t^Kn-'ial neutrons <sr.ltted per second 
£i'on a poitit source at the ori|:ln nMch would fiv^ t?>c tt^rral 
flux distribution obtained exforinen tally* fron q, llj,. 
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Tba nc^^n5.tud© of tho source <i©pend©d on the evaluation of tb© 
oonetarta In v^q* 33* Those ctxiatants arc related to the 
£.©<sKetry» and the n^\tcriel of which the noderatcr is con- 
structed. ill© notiiodc used, and tt® values obtained for tl®sG 
consta'^ts ai»© presented in appendix B* The val*»3e s of the con- 
stants are listed in Table S» froa q. 33» 
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2*992(10)^ neutrons * 

second 



Fq. 3U 



x.q* IJ4 WG3 then evaluated to doteninc calculated 
tlxeraal flux distribution of the prirjiry Kv>do, 



‘*11 » (7593) e-3-'3"’S ' cos con ,5^ . 



2^.. 3S 



The values cf ^xx x>’©r© calc'ul&ted for various values of x, y, 
and 2 to show the distribution of thojr;©! he results 
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of those calculfttlona are tabulotod i« ‘rahle 4* 

The expr.r-ir:»nta3. neiitTOn flux -ralucjj l!ste<? In 

oo oo 

Table 1 are Z t 4> which Incltilrd the effects of Har- 
?j*3. n»l ^ 

ncnics and end oorroctlons* ?hc hai-'onic er*? end corx'octfon 
factors war© calculated and t®bv-lstod in Tab la 4* 

OO oo 

K»1 n%*^T!n divided bj cerre spending her^-icnic end 

end oorrcjctlon factors to obtain « xpcrinr’ntal values of 4^2 to 
ccr.pas'O with the calculated values* The results of thaso cal- 
culaticns are listed tn Table 4» ‘be ealculated a’^d cx^eri- 
r.ental values of 4>2i wore eonpsrod ir» ^l^^uroa 13 » 14 «nd 15» 
Fif^jiooa 13 end 14 ahoi^d the distribution of flux alon^' the x 
axis with y s» 0, onci z « 3^ and alon? y axis with 

X « 0 and 2 « In* Figure 15 ctsr.parod fe-'e oist.ributlcn of 
flux t\m E axis with x » y » 0. The ospcrlrantally 

detojr?inod flux ocr:pared favorably viith the cal oj luted flux 
al^ng the x and y axes* Xn tlxf center of the jj^oderator the 
casparisans was CFod along th« s cutes* ''owever*, rear tbo 
source the cenpariaon was p« 5 or* This was hAC to the effects 
of the fart neutron source* Ty the tire the fast n©nt3’‘’ns 
had reached s » IS in*, the majority of t’ien were slowed down 
to tfceirjftl enex^jioc* Tine deviation of «,xpori rental flux frons 
the calculotcd, at lar^© values of z, was due prisjarlly to 
the stetioties of count inr, ' he activity- at vabigs of z 
greater than 59 Inches was so ar.all that It was not possible 
to obtain an accurate nea5ur«"*ent. 
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Figure 13. Calculated and experimental thermal neutron 
flux (7=0, z = 36 Inches) 
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Figure Calculated and experimental themal neutron 

flux (x = 0, z = 36 inches) 
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Figure l5. Calculated and experimental thermal neutron flux 
(x = 0, y = 0 inches) 
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V&st ■'eutro’:^ ’'lux 




.flux listed lr» table 3 v^vsmb position alon^ each 

of the three axe® to slicfef the il s Irilti ti on of flux t?iroM'*hout 



th# 'moderator# the distrl'bjti on of the flux alcnr each of th© 



squared distribution of the fast n.ux along the x snd y pje®». 
Althcftsgh the j^acpltude of 'lux decreased as e lncref«jcd| dio 



point source, ensentlally all the fast neutr~ns fren the 
source were thensRllaod, 

Figures 23 and 21 jiioi?x5d ar exponential decrease in tho 
flux along the x aids* The slope of the curves in, away 
fro*~ the Qcurce, and the physical boundaries of the rod.eratcr 
was constant, the relaxation length, tht distance req dred 
In graphite to <Secrc?ise the intensity of tli© flux by a factor 
of ©, wan calculated fror^ Hgure 20 usin^ the H.str5.bu tJ.an 
along the z axis where x » y « 0, 'The equation of the 
straight line was developed In !‘q, 12, 
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Figure 16, Past neutron flux (x = 0 inches) 
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o, 2 = 6 in. 

□, z = 18 in. 
A, 2 = 30 in. 




Figure 17. Fast neutron flux (x = 10 inches) 
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o. z = 6 in. 
□, z = 18 in. 
A, z = 30 in 







Figure l8. Past neutron flux (y = 0 Inches) 
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o, 2 = 6 in. 
n, z = 18 in. 
A, z = 30 in 




Figure 19. Past neutron flux (y = -12 inches) 
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Figure 2D* Fast neutron flux (x = 0 inches) 
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Figure 21, Past neutron flux (x = 10 inches) 
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10 

i-.Q\i»tions 37 &nd 3- wex'O sol¥od sirultanoously to obtain a 
value of In*** for ^ • \'Uj relaxation length, the 

reciprocal o.S. was dot^rdned to be **33 in* r'er the 



tdsrrnX neutron flux the rnl .'0 of ^n» deternlnrcl In 
9, was 3*0^^5 the relaxation lon;::th for tr^e t^-serr^al 

neutrtna waa 11*76 in* The length of ther’'al 

trons was Ul ijorcort g-reetex' ther t'‘io relaxation length of 
the fast neutrons. 



.‘Accuracy of results 

The mthc-ds used an<l the results «;^JtainGd frori the d®- 
terjiination of tl,i« standard deviatlen in the flux ■nesfit’irerjm^tg 
are presented in Appendix f, *^hc standard deviation of the 
fliu; values were deternin^d fTO'^i. .vl, ?lio standard devia- 
tion of tlie component was di^dded by the ccv.ponerst to obtain 
the coofficient of variatlcn, C-y, The C-y in the callbratlcn 
pi'ocedure was calculated to bo 11*1 percent* The of the 
sseasured activity, of the inciiun foils varied from O.X 
percent near t)-!© rdutcc to ‘3.2 percent mar the bomadarica of 
the nodorator* The in the calibration procedure was 
censtont for all flux rioasu 2 :*®“jcnts, but the in the r^cesurod 
activity Increased with distance frtas:'' tiie soiirce. ""horefore, 
the Cy in flux roaeuresionta varied fron 11*2 percent cloco to 
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the 30 'irce to 19«3 near tho bo'jndarien ct f^o ; o.lorn- 

tor. “h trie of the center cf *,he r.o-i' rater t’-'o 

waa p^^rcent. 

0 vt r«lc^l Isara sup- rtrpcaed wncr <-te e3c>t rt rental 



r>olnts ',?hicls have beo:' preoert;.?!:'’ '.ra.;h*oall3, 



in t-bls fchrsis 



represent t ete-’^-^'b-ird devre-icn of tb® -.ann'-fetl 
theiHs bars hax?e nor been si'^ovT:, dcvletien '?■ 



fieti V- ty. 



Isse than 



the slr.e oi' the rysbol. 




I 






•oc^rrR-: pr 



vlth i fast, |•.xter'■u^.l, 



nfutx\’>n onu‘ce can ?ji* aaiired by 



titlllsing s} err blj\Si* Ion of 
ootsrjt©?# 



»rtivatc<*d In -11?!?: foils rod a 



Tlaj thers^ flux dlstHbotion in thl« rmphito moderator 



agreed vor:^- wli with tbe <-b«>ox‘y, ♦, oofflne distribution 

about the ,x y axes exponenilal v{ 4 nia-. ion alony th© 

z aKu,s vas cbtalned* "^hi® Vsss stn^C’tly tFivo cnl^' for flux 
J»*^sfiur© ^nts taken "tore tb^n in^boo fror*. the source* 4*\d 
away fro'* the physical ?.o\!ytdar5,e3 of the vaoder^tor* ‘be 
strength of the oqX'*S valent gouroo k«s r'.99fClO}^ 

neutrons per second* relaxation length In graphite vas 

11*?6 inehts* 



7!» fast neutron flux varied, in «n proxtr?«te cosine 
squared distribution about the % and 7 axes, and o?rpoT?‘.‘nt?all7 
alori,^ the « axis* <4.thln I" Ihchss of the source t.he varia- 
tion alc"»^i the K axis vac net «sponen*5-alo .socrtlally all 
fast neutrons wc2»e therpxallsed after passing through kd inchca 
of tbe •-* ipderatl ng ‘*'41 te rial, ’■■'he relaxation length of the 
fast neutrrns in grapldlts was ®*33 incl:^-Q, 

The co#rflc2cnt cf variation in the tetor’i^ration of the 
neutron fluxea varied fror 11*2 paro^git close to source 
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to 19»3 rcrsT th© boun<'<or^ * of * 

center of -^.h© ::'oueratcr ^.hc Cy vat5 12,9 
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JL . J. -*M- ^ ’ 1 . ■•^. . ; W- 

i'K'f'wi* Invest! -Si %lon *rto fa*t fluv distri- 

bution cou^'l^b® cferrifed out by obtainin g *r-^rcj »t»otrur» 
of the nouti^-ns tbro'^i’scsut tbo nc^’* st^oetrun 
of th© source la knEH»“n, <sn.'1 the cf^ar^c In 'iie sp«ctrm 'ti® to 
the sl<?w1.nr down of noutixrsr- oeul'^ be o^taifsod by mrtiritS cn 
techniQ'-r s. I'hlo ecu Id bo acco^*'llsImu by t&^.irz ^ series of 
r56ssur€j’'onts vith & vsriety of foils with differert rosonsree 
peaks, i.'b« eneri^r aTJcctnisi nirht else be obtained with a 
«p0ctz'CT’®t» r. 

If the variation cf the spcctran U^rouriiout the 

noderator voro known, & ^cre ae e-rate fast neutron flujc 
dletrlbutiori coaid b© obtained, **nc© Mi© sricroscopio rrosa 
eecticn varies wltli the enerr-y of niQ ntutsr.n, the enerfT 
epeotrxca would pzxjvldc tl-'o *-‘^•^”8 of obtainin'^ an acc'»irate 
valve cf tt# cz’oss section. 
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affiliated wi th v-uGlonr .-o;*ioeerln?> In n'U»fc5 c-ilar t v^oxild 
like to express rrj deep ^rratit’Jd© to "t, Robert . ■'hrig. for 
the orie'lnal rnt.-'^cstion of this ■'n^oject, and his ernt1.n«od 
aetiv® iTstes'^st directed tov'-z'd Its aec'**npllclzrftnt, ?€> "‘^r* 
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Foetgraduate ^•chool as veil as the ’’nitod states r?avy <“or tb^e 
tvo yeajns worit In Aerormytioal ' ''.'glrseerlng at 'i'ntcrey, 
California* and for the third jes&v in ^uclear r'n;;^ino©r?,ng at 
Iowa State '■'olleo®* 
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~'vi3pt&rts.*-.j r%n of "tfindard 

To detor:'"lnc tho neutron flux it vas neoeosa>'y to obta3.n 
a coj»parison between the actual disinto^ration rate, and the 
r.eGsared aet5,vi'ty of the indiuri# Titles v..as acco.-iplSstied by 
Cftlibratlaij the counter ydth a standard sawple. 

The liquid tballiun used ac » standard was prepar*ed by 
*Xiroau of Standards, l»assJ‘)in,jton, C, In April 19S3* ''halll- 
is", was utilised as a ottaidarrl because its Q> activity is 
stellar to that of indiura, avera;,t: of th« Indiusi 

O' ic 0*9 tjs© at''araye ener-y of the tholliin Q ie 0»7^f- 

!!ev, Thalllim centaSns no other ecnta-iteatl nf radiation 
partieloo. The Q> haa a half life of l;*0 years, so it was 
conoidorod an ideal standard. 

An alucpilmm pl«s:ichet 1.75 by 1.2-' in. Ijy 0.32 in. 
was used to the standard, Th© isme else pianola t was 

used fo 2 * sfcuntii^y tho indium foils, no bucki^round and back 
scattering effects were tl:e sa’’© for the indi;m and thallium. 
The plsanchet was cleaned w’ th carbon tetrachloride. A strip 
of scotch tape, the same area as the indiun foil, was placed 
on the planchetj the planchet vas then sprayed with kyrlcn. 

Th© icyrlen fomed a border arcund the planchet leaving th© 
desired Interior area for t^c thallluK standard after rs'^ioval 
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of the tftvc. 

The ori^^naX thalll\3n sar-plc Imd a Q> activity of 1I,U3^ 
diair.tcci’a'i ons per second ptr reilliliter as of Apr-’X, 1®C3* 
An apprc.\ln^t».' dot eirs^ nation of eean?,^- r efflc'ercy rarple 
strcHf^tia showed that 100 T''ieroXit<'rs of the thallSu’^ would 
produce an i^ctivlty cor-pai*able to *:he ec^'lvu.ted indi's^n foils, 
A 100 microiiter sa’^ple was nlpetod ^ron the oo’irce ard de- 



posited Oil the prepared aluialnuia planchet. Two distilled 
water rinclricis wore also d#j)osited on the plarcbot to cr-tur© 



that all t‘rs© x»adioacfcivi ty r-- wed fror, the thslliun caurco 
was actually received by tbv rlanchet* Two '^'rop*s of <eros»el* 
a spreading s^jiT’-t, were tht-n ad-bid to the sol\«ticn, >e 
solution was die tr' buitcd evenly '•it/iin the horfers of the 
plcnchet vith & rlass sti ri’lny rod, Thi^ rod was r'^nced vltfe 
distilled water, ^*d the rlnstn£:8 were added to tls© solution. 
The solution ^^as placed under a h^ at lifhtj the water v&s 



evaporated, .ojui a unifow thin layer of thalllura renal n«d cn 



the planchct. 



Activity of ftendard Lara pie 

Tbo activity of the 100 Eiicroliter prepared carpi© was 
n?;3 disintegrations per second at the ti.r,e of Its original 
preparation, April, 1953* *1318 standard sa pie can b© used 



for futtira calibrations by calculating Its cui*rent activity 
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du© to the Q> ileo&j with a half life! of ’ ,0 '’oar®, ”'’’•0 lo- 

in t«i;rat ion '■'itto of tlie stardcird Gsmle calculated to be 
^f5»7»V0 count’? per '■ilm-'t© as of r«ce*5ber, 1^5^. 

rte aotSvltj’ of the standard tlmlll’vUa sis.iplo woo t’sen 
r,es8urcfd w*th the smne counter confiuratiors and pro’^'ctry 
used for dot©r3inln.:j the activity of toe indiun foils* tbe 
aluninuis planchot was inserted in th<< holder, and a series of 
long counts were t(^<en; t!a> avora<'0 was 1753 cpis* "li© planch- 
ot was turnod l^K) degrees, artd a second serlea of counts aver- 
a-:ed to l--l}^5 cpr., Hi© avera^'C count rate for tw’o possible 
’reomtric arrcr.gof'ents was 17*^1 epn* \xhich wan utllizod to 
calibrate tho counter. 7*^ ^1**55 nereent deviation fro?^ the 
average count rat© for each ccnfi'’uraticr5 was an indication 
of the unlfomity of density of activity on the nrenaT’Vsd 
standard* evera^“e nctlvltr i^xs then corrected fer dead 

tlsso and background, and th© net nc&aured activity t*as deter- 
Tiined to be ITTi;. cpss* 



Lval’uatlon of Correction Tactora 

The various counting correction factors were determined 
for the standard. Corresponding factors wore then anplled to 
tha Koasursd saturated activity of the Indiuss foils to dotcr- 
ninc tire actual saturation activity* These correction factors 
were deternined in accor hrjce with the ex|jcriisental rrocc duras 
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set forth by '^uouler ortd (2). 

Tho rolfitS-onahip of th«* factors follow (2, p* ^5) i 

K » (A«,) (f^) (ff) 39 

wiicre 

jn is the- r>«t ;-oa3vred activity, cpT.*, 

Aoo is tbo actxial aaturallon activity, epas,, 
f(g is thd efficiency facter, ratio of rbaerved cot*.«ts, 
to the actual naTfisor of particles wiilch enter the 
counting volum, 

ft is the de&d tins correction ractc^r, dead 
correctiens were applied before arrlvlnr at a net 
counting rate, oo it c?r. considered cs urlty. 

Is the true ^’'•''tor, fraction of total solid 

angle which is subtended by the crtlvc area of hbe 
coixnter, 

f^. la the absor|Jtion factfsr, ratio of activity arriving 
at counter to that on it ted, 

la the back scatterin; factor, ratio of actt’/ity 
counted on Itie standard rotintin" to that on a iralghtleso 
.Tcxxnt*nf , and 

fjj Is the self absorption factor, fraction of activity 
absorbed by the radloacti-vc ’“;<it£rt a3. being counted. 

Since the vconetry, f-, the backin'^ arl rour^in' of the 
f^, and the efficiency of the counter, fg, vero 
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Identical Tor tho thalllicn na'nr’le IndJura fells, t «jy 

were ccr-blnsd as cno coiT'GctJ cr factor* "Jws, (fg)*(fjj), 

(fg) ocualed fl '*’as calcvilated fer the thalli'on standard 
and the ser’o iit,>rrection was applied to the indiun foilv^* 

The thalliOR! sonplc was vrj'v thin and aeaertially votc'ht- 
less, 30 fg was asa.jnscd to bo unity. factor for 

thallluia was detar^lnad fron cm absorption ourve. ■''his vas 
acoonpllafood by rensurin the activity vd'd eh passed t’ironph a 
range of added alaainua absorbers, tfmse activities were 
plotted on a ocr'i log plot v^rsim addted ebsorb&r thickness on 
iigur© 2H. lb© best straSpbt lin*- was drawn t.h.rcvpli the 
point sj this lino was extended to nero added absorber, and 
then tc s« ro total absorber. differenc© between scro 

n 

adc^d and soro total aboci'ber, 1*62 tJis':,/©.'?!.*', was doe to tho 
¥iica window in the counter, and tb® air space bet '.'■s on tF^- 
sarTiple a*'id the window. Tbs ratio cf tbs act'vits.' with scro 
added absorber to the activity c Ith total absotdwjr, 

was determined to be 0.97* 
chon fror. 39 , 

‘■i " T.O' Ifs)' (r„) • 

. m k. 

“ (2S7It3) (1) (O.o?) 

= 0 . 0712 . 

To dctemlne for the indiun foils another absorption 
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curvi» was plottod on 23* r inco tiyo irs'iliu?:? foils de- 

cayed t'apidly. It vas nccesn&-y to nort'-allse all cctlxdtlSB 
to the net activity with Ktro absorbit*. Tr« r,cvs^&liz&d 
activity was ^'lottodi versus abcorber thlc»^nass on 23* 

va.lue of v;aa calculated as it vaa for tt^o tl'jalliuEi 
otand«U'd. It vas deterrir»>d to he 0,97, values of f,, 

for thalliunt and indiun i^ero idtr.tloal, hut thin was to bo 
expected iinc© the ener»iiea of tbo perticlea are alnoot 
equal, 

Jl’on the curve- cr. f iyure 23, the half Uiiokncsc, ( <? d)|, 
for the of indiuis wao dt ten ined to be 1;.7,5 : .m/c 
half thickness was detemined by ?^©asuring the thichnesa of 
absorber needed to halve the activity, “fie absorptlcn 
coefficient, was cslcul^tod as follows (7, p. 19'^).* 
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The self absorption factor, fg, was ttien detenrklnod for tlj® 
indiiaa foils (2, p, "6), 



^* ** ^ TTr^TTtT^ 

» 0.6575, 

where t « 63*6 esg./c«,^, th» tiiickncss of the indiura foil. 

i’ho actual saturation activlfcj of the Iniivcz foils was 
deter- ined fro.u ., q* 39, 
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Figure 22. Thallium absorption curve 



A7A (NORMALIZED ACTIVITY) 
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Figure 23, Indiiun absorption curve 
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T 0 O total correction factor, f*. for all the i'->;Uun foils 
counts? d vas d©terf?ln<^d to be 0.04J3;. 
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AFK.':vI\ D; c ^ 

r^encral 

t‘'^ooretXcal thomaX fluy -3tstrlbnt,1on as de^el''P 0 d 
in ’q. 11?. Ci th» t<sxt dc’’ie^r'3ed dhe evelyatlcn of ron- 
staats port sin in.'*’ to the “ 0 '^e>trr the of vhlrh 

tho '•cdorator was crrsstructed, 

CJecmtry Conrtents 

Bet'seer. tho black bcajndarloa, cad>^i’atr. the 

roderator .••casxix^d 63*2r In, alon; the x a.xis, ar.vd Cl In. 
aloo|^ the y axis. cxtr^ariclated distance fro.i the physical 

boundaries to zero flux was deter Inod to 1x5 0,75 in, by 
evaluating 0,71 for r'cr® v^apJ^'it© (f). This value agreed 

with ttio r’Casured value obtained In Fifuf*© Is., 'therefore, the 
dletance between sero flux values along tm x axis, a, was 
6J}.,75 in. I'll© corresponding dlsta'‘'Cc alcns tho y axis, b, 

Vlas 62,5 In, The diQta''ce between bh© Bourcc and zf,vo flux 
alcnr th© z axis, c, was 79.7'^ In, 



Detci’TJirot icn of 

For convsniffnee, ’■*ns calctilatod alon#* the s axis with 
X *® y » 0, The slop© of the best straight l?.r© drawn thro’agh 
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the vO-lntc on 10 .for* .ind y ©f ' nl fco ?trc '"as utillsad 

as « tr-' ul vslijio of 



'T^r-Ss trial valtJe of r aim late 



ccn*«rctiona. 



••2 



Ue » 1 - c — f 

and the h&m<?nic correetic’^o. 
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Cj^ « 1 4* iT,,e 
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developed in ;...cj* 12* (The Xdnsl ’f^luea are tabulated in 
Table 4 the correct val » of '^il) • Tlie various bernonic 
values of were caloulatrd as follov^c (P, p. 121): 
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re, 4-4 



T'-'ie hf-r’-''cnic ssed end correction for each v&li^ of p. were 
divide’? ^rto ’be expcri’^cnral V’^luo of 0 to p’ot 
%'alucs of <|)xx frcK" p « *n, to g « in, v;ere used to 

dot«T’?»'r t- c -aluc of '^xi” value c of s lee*’ tha»' ?4 in, 

were rot ’■"’ed because of the effee* of feat ”!evitr">n» at 
the Icwvr Iwvsl of the noderatcr, Voluoe of z "-rcatcr than 
T4 verer H used because the statistical devl«tjon was 
dtie to t'-’o -^ecrearo ir. Hu*’", *s,xs'' because of the '’ban>?o in 

Iftttlc' vt this level* 
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cj). « c ©• ^ 11 ^, 

LX ^ 

wae '. '-.i tr^c of e^tsaiicn ^:.iQ' covi.’ r>© a-1i>r;t.»: si to U-« <tetcr- 
rinaticr^ of the r eV >i c*' leatt p, l'^'. )« 

"he folicv.'r ^'roccluro war s-sods 

1* fovlAic th© •"aV"*' of <t>xi* ^ 11» 2» ” 

2-^* ^xi* 

2* ••-’•:? tho eclu'’.i!Os *«'■ t %, t'-jclr s’arrtsti on . 

3» '■•'Jive tH© followi*->- Iona for ^ n 

is the r of of s *’so-« «n tJ>P‘ *~r*ooefhJre. 

*. In. s 5 « 2) *“ n (In. C). jc^, 

i {z in. 4>ii) « - ’ s2) -f m. r U s), r^. |;6 

Tha Aaicuiated value of then used em ». trial value, 

on<t ^-'h® i'>5*'»ce»\3t*e t<a-* earntel oni a^af. n to calculate a ’,>ett*^r 
value of ^ii« recalcvlat* O’"* of cr.*^ <*inuud until 

th® t-nial <»na cnlculated values wore ^is occarr-ed at 

\rh*re 

C «i -jeutronj/io,*'’ sec. 

• 7,S’*^3 nc.ufron>f/*jr «ifc, 

■*ha ^iffu si. i 0*0 f ‘ »• o* ^ j ;.4te 4Sf*5l]e«d t'^ '-»* t 'lC 
coemclcnt fcr gr&pblta, OOfC' *n, (•?, p, 127). 
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.■'able on/stsnts 
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c: octants cnlcuiat«s4 In Aprync’ij: >3 are tabulated on 
tabifc 5. 
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.’c i^V'- filn tU© stindar-^ >'*S7j;*tcn !,n ^h(r fl’jx 

values, it w#*’ ?ieces.CRry tc d.« t»r ’?.<?* coeff! rsf 

v«riatis“ !"oi'04cb «c>»pon®"t %ff&ct'nf* fic fl'fix. '■■.t© Ci?« 
efficients f vdrl^tioj^, v» l<’’?t©d ir> ■'’able 6, 

Tsble 6* •'^'efficients '.jf •. arl^tfnn 
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D.D >3 

0,053 

o.oa 

0,0322 

0.03k 

0. 00030 
0.0)10 
0.050 



The atendard deviation, cr, is ecuai to tiie coefficient of 
variation multiplied by tne component, 
fhts value of deter"!lned frv'.j’m 
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atar.dard a^vl^tie«l of obtained 



was 0.3712. 
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